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THE HA2C0TIC ACTIOH OF XEHOH 


(liead on 23 Her ember 1946 at the see el on of the Lealngrad Soolaty 
of PhyBlologiste^ Bloohenleta and Fhanziaoologlate dedicated to the 
100th annirersary of snrgioal anestheala). 


If, T, Xazarev*, Ye. I. lyublina, and B. Ih* Madorakmya 
Torloology lab, laolngrad Sol Bea laat of 
Labor ^ygtene and Oooupetional DlBemaes 
Submitted 3 Jan 194? 


Data on the narootlc action of the so-called "phyelologioaHy inaotire* gaies, 
nitrogen, methane and the hearier rare gaaes, was publlahed by B. 7. latarer as 
far back as 1941. It was proren that theee gae^a vere only nll^tly aolnble iu 
water and, obrlously, the amount of these gaaes in orgt,al(;. tlaaaea Is «o aoM^ll 
that they can prodaoe narooeio only in a oonpreBeion chamber at preeaurer of 
about ten atmospheres. In the case of helium and also, e^/ldently, hydrogen (aee 
laiarer, 1943), a pressure of over e hundred atmospheres la required to prodaoe 
narooBla. 

The dlacoYery of the narcotic properties of Inert gaees belonging to the 
lero group of the periodic table Is of particular interest from the theoretical 
aepeot. In riow of tee complete cheoiloal Inertaees of these gases, their narcotic 
property Is a o onr lacing argument In faror of the Idea, still held In doubt by 
some (Oswald 1924; Kochmann, 1936), that the meohanlam of the narcotic affect Is 
unrelated to any pnrely ohemical roaotloo between the narcotic and the living 
substrata. 

The strength of the narcotic action of the rare gaaes Inoreasea with their 
atomic (molecular) weigjit. Although complete narcoeie of an adult white mouse 
was not observed with a helium pressure of aliost 100 atmoapheroa, still under 
those conditions a slight narcotic action was clearly Indicated by various 
symptoms. Argon however, caused narcosis In an adult mouse at a partial pres aura 
of about l6 ~ l3 atmospheres; and In a young mouse weighing about 5 fls, at 11 
atmospheres . Vlth Irypton, narcoela was observed In the same mouso at a partial 
preoaurc of 3^ atuo .lores* 
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CONFIDENTIAL | | 

^ Thia data led Lazarev tb a, glaring paradox in 1941: "Judging 
crease in solubility, the effect of xenon should be almost tvloo that of )s^r7pton« 
And If the true strength of the oarootlc action, determined by the oareotto bon- 
oentretlon In water, increases in the aame manner as from helluai to krypton, then 
xenon should induce narcosis at a partial pressure less than one atmosphere. Ia> 
other vords, it can be assumed that the ordinary air of the atmosphere oontaius 
a high narcotic dilution strong enough for use In iuduclog naroosifl eTon at 
normal atmospheric pressure.” 

We succeeded in obtaining a small amount of x3non to determine the aoou^ loy 
of this hypotheslB or, to be precise, a xenon -krypton mixture, contalnlrg 88 
percent xenon and 12 percent krypton. However, the last war denied us the 
privilege of carrying out this work for a long time and these scheduled tests were 
performed after a lapse of several years. 

Three ^tests were carried out ra small mice weighing about ^ gm in the bbsII 
oompresslpn cnamber prevlouely described (Lazarev, 194l) v The pressure was 
created by the moveFaent of a piston. As in the other experiments with inert 
gases previously deaorlbed, the pressure chamber was "wshed throagh” vlth 
oxygen before the start of the actual test. This operation served two purposes : 

(1) the oration of a certaih "reserve” of ocygen necessary for respiration of 
the animal during the test; and (2) it enabled one to consider, when analysing 
g&s samples from the chamber, that the entire volost refialnlng la the gas burette 
after absorption of the oxygen and carbon dioxide was costposed of the inert gas 
used in the test (since nitrogen was almost coog^Ietely remuved from the chamber 
and even eliminated from the body of the animal when the chamber was "washed 
through" with oxygen). 

We shall take the data of one such test as an example. (In general, all 
the tests ^ve similar results.) When ^washing through" with oxygen had been 
completed, the (young) mouse qniokly and energetioally resumed Its normal 
posture when the chamber was inverted. The tlms taken to add the xenon was 2 
minutes. One minute later, the mouse did no. react at all to the Inversion of 
the ohamber, being evidently in a state of complete narcosis. Twelve minutes 
after the Introduotion of xenon a sample was taken from the ohamber. Analysis 
shoved that the gaseous mixture oontained 48.^ percent of xenon at a general 
absolute pressure of one atmosphere. (More accurately, a xenon-krypton mixture 
of the above oompoBitlon. This reservation should be borne in mind in all oases 
where xenon content Is given.) After another 2 minutes the anltsal was removed 
from the ohamber. It was found (as was to be expeoted, considering the small 
coefficient of sclubllity of xenon in water and, ooneaquently, the greater speed 
of saturation and desaturatlon of organs with a good blood supply, iual;\dlng the 
Central nervous system) that xenon narcosis not only comes on rapidly but also 
pacises off rapidly. One minute after the mouse had been removed from the 
atmosphere oontalnlng the narcotic it turned over ou his stomach and after ? 
minates it vab oravling, although unsteadily. 

It is d 1 ^nterebu to sea how xenon affects an adult white mouse. Hie 
email amount of gas at our disposal made such tests very difficult. The pressure 
ohamber which we'weje using for the experiments with young aloe vae coo small for 
adult mice. After numerous attempts we adopted the following prooel’ire. 

The chamber used was a small glass with four branches, ordinarily employed 
in experiments with Isolated sections of smooth-muscled organs (using N. P. 
Kravkov*a method). Tho bottom of the glass and one branch pipe were flooded 
with paraffin so as to decrease its volume. On top, the glass was hermetically 
sealed by laeans of a rubber stopper which filled veil below the rim. A three- 
way cook was connected to one of the branches and a dieo^shaped rubber ballon to 
the second. This ballcu collapsed readily at the least negative pressure. Its 
volume was 70 oc and it served as a oompenaator, maintaining ataospherio pressure 
in the chamber. The remaining branch was c'l-'nected to a etaall 20-oo rubber 
balloon (pyriform) via a glass tube filled with plooes of caustic soda. The branch 
to which the compensator was connected was also filled with solid potassium alkali. 
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■ After the' mou'oe;. had b'eeii plac'ed 'in the ' 'chaaber;. the ■gayoous tafxture 'vao' v. 
set In ciotion and freed of carbon dioxide by alternate compreasl on and deflation 
of tae balloon. 

The whole ayetein was %a8hed through" vith oxygon by aqueexlng the oati* 
ponsator and stoall balloon (with the three -w€iy cook "to air") and eubaequont 
suction of the oxygen (with the cock turned "to oxygen"). This prooesa ws 
repeated at least ten times. After washing through, all the xenon at our di ex- 
posal at that time (49 cc) was eucked In. 

This test was carried out on a mouse weighing 15 gw under the following 
QonditioDS. One minute after the xenon had been introduced, a simpio taken 
from the oharaber contained 67.4 percent of this gas (carbon dioxide 0 percent). 
After 5 minutes when the chamber was Inverted, we clearly observed that the 
mouse was rssu.'slng Its normal postu rc more and more slowly , using pit** forslogs 
only for this purpose. By this time the hindlegs were quite paralysed. The 
animal was shuddering all over, and this became more and sore violent. Bine 
minutes, after the lutroducvlon of the xenon, another sample of the gaa alxtnre 
was taken: It was found to contain 75 percent xenon and absolutely no carbon 
Dioxide. One minute later, when the chamber war* Inverted, the animal failed 
to resuae Its normal position coapletely- 

It Can be seen from this data that xenon also exerolses a distinct nar- 
cotic action on an adult mouse although there was no oo&plete narooais, even 
at a partial presaure of this g^s of 3/4 atmosphere . Tentatively, It may be 
oonsidered in this experipwnt that xenon must ha^'e had a partial pressure not 
greater than one atmosphere. 

We did not observe the process of restoration of functions in the adult 
mouse after it was removed fiom the narcotic atmosphere. The xenen was diS' 
placed from the chamber by vuter, thereoy drovniog the mouse. In order to col- 
lect the ges in other exporimonts after removal of oxygen and 002 * 

It may also be mentioned briefly that we also tested the aotion of xenon 
on insects (oookroaohes). Due to the fact that only a small amornt of xenon 
was at oar disposal, we were able t proddoe only a partial pressure of 3*1 
atnoopheree (with a total presaure of 4.4 atmospheres). Under these oon- 
ditions the cockroaches continued to move but lost their balance easily and 
rolled to the bottom of the ohaitber, where they lay for most of ohe time. At 
lover partial pressures of xenon (about 2 - 2.5 atmospheres) it was observed 
that the insects were stlmalated and moved about the chamber ouch more ener- 
getically than before the experiment. On the other hand, at a still lover 
partial pressure of the gas (about 0.7 - 1 ~ 1*5 atmospheres} the oookroaohes 
^ indicated a unique torpor* Tley stood oca.pleoely motio::Iesa in the pose they 
had asGuaed. "Like a statue* is the phrase used In our records. 

Thus, the prediction we made some years ago, that xenon as norfaslly found 
in air is a etroeg narcotic and can exercise Its narcotic aotion i'^ven at normal 
barometrlo pressure, is fully Jastiflod. The narcotic aotion of xenon je several 
times stronger than that of kr^ton. 

The eiperiments published previously (Latarev, 1941 ) somotlmes evoked a 
certain ekeptiolsm. It was suggested that the paralysis of aniaale observed, 
although outwardly similar to narcosis, was in reality due to the purely a&eohanlcal 
effect of hl^ pressure. It is tno that even then it was possible to develop a 
fairly strong case against an obdeotlon of this kind: 

1. Paralysis of the anlmalB is observed at oomplet«*ly different total 
pressures when the barocamera Is r.illed with various gaseous mixtures. 

2. It is possible, knowing the solubility coefficients of various "physio- 
logically inert” gases .In water and therefore, approximately, in blood and tissue 
fluid, to oalculc^te what should be the content of this or that inert cas in an 
animal organism while in the chamber at the pressure at which paralysis of tna 
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CdHFIDBaiTIAL 


aalaial ie obaarved. The reauit pf calpulatlOD la that this ooiitent le wcftotly 
the same «8 that at vhloh one voald the partlcaiar eabetaDoe to produce 

narcbala, woi'klag froai the oxiet log data od Its phjrelooohe^oal proportlea, 1^ 
^rticftlar, the OrertoB^Weyer opeffioient of dlstrlbiatioa betweaR oXiTS oil and 
wtberi A oolQCldeQoe of this typCj repeated oeTeral tlmea, oannot bo aooldaaUl. 


Cor experlaents with xonoo^ whlOh hare ohbvn that ah Inert gas oan diopl^ 
dietlnot harootto proportloa^^^^^ at noraal ''aroaotrlo preasttreo, art aathoido 
and obaeluaire proof that tho Inert gaseo act ae narootloa ladapandantly of 
ChbBgas in ataoepherlo prassare and that this hbrobtlo aetibn la poaolbXa aron 
if the sabstanba is toowb to Inoapable of entering Into any ohsialaal re^ 
lotions i^tsoerar vl thin the orgaalsn. 


HOTB: After we had read the paper on the abdre teats, a report bj a graap 


of Amerloan resaarohara Xlawrenoe and oo-aathore) on tha oaroptla 
action Of xahbn 6a white aloe «ad« Its appearaoca on 6 Deoaabor l^. 
Their report la In fall agreeawnt with our respite. 
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